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Kaiichi Ooshima* : The morphology and germination of resting 
spores of Pediastrum simplex (Chlorophyceae)** 

• MM? V'> a? ZMtifeW 

(Plates XII-XIII) 

There are considerable reports about the morphology of Pediastrum 
(Chlorophyta, Hydrodictyaceae), but little work has been made on the for¬ 
mation and germination of their resting spores. In the course of the 
author’s culture study of Pediastrum simplex, the orange-colored resting 
spores were often encountered in an old culture medium. Further obser¬ 
vations revealed that when they were placed in a fresh medium, these 
resting spores were capable of producing initial colonies which were not 
plate-shaped but mass-like. Subsequently each cell of the initial colony 
formed the second colonies whose shapes were normal plate-like, charac¬ 
teristic of P. simplex. This paper presents the morphology of the resting 
spores, including morphogenesis during their germination and the formation 
of the initial colony observed for the first time in the laboratory. 

Materials and methods Specimens of Pediastrum simplex (Meyen) Lemm. 
with resting spores were isolated from Shinobazunoike pond, Ueno Park, in 
Tokyo. The isolated colony was inoculated in an agar-water biphasic 
culture medium 15 , which consisted of agar and sterile distilled water. The 
essential inorganic compounds and other trace elements were contained in 
the agar layer of the medium. The biphasic culture medium was prepared 
in a test tube by capping with aluminum foil. When this clonal culture 
was kept for over one year, all of the vegetative cells changed into orange- 
colored resting spores with thick walls. 


* Department of Biology, Nippon Dental College, Fujimi 1-9-20, Chiyoda-ku, Tokyo 102. SKmSP 
TftfBKssiJi 1-9-20. 
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1) Devised by the author. The preparation of the medium will be 
published in detail later. 
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For the purpose of observing their germination, some of the resting 
spores were placed in Petri dishes containing modified Bold Basal Medium. 
These cultures were subjected to fluorescent lights of about 4000 lux intensity 
with a 12/12 hr light-dark cycle. The temperature was maintained at 25± 
0.5°C. 

Observations and results The resting spores found in the present 
culture were spherical in shape being surrounded by a thick wall and mostly 
measured about 30 ft in diameter, ranging from 8ft to 50ft. Many of them 
were solitary or being arranged in the flat Pediastrum colonies (Fig. B), but 
some were aggregated in an irregular mass, a feature similar to Coelastrum 
(Fig. A). The thick wall which surrounded the resting spore was composed 
of two layers, an outerlayer and an inner one; the former being 1.2 ft and 
the latter being 0.&fi in thickness (Fig. D). Observations using an ordinary 
light microscope revealed that the wall was furnished with a reticulate or 
loose mesh construction and a smaller horn or its trace on the surface of 
the outer layer (Fig. C). On the other hand, by means of a scanning 
electron microscope, it was disclosed that the outer layer possessed the 
surface being remarkedly verrucose but sometimes less verrucose (Fig. E). 

The resting spores were orange in color and contained many small 
droplets (Fig. D). When a mass of dry or nearly dry spores was treated 
with concentrated sulfuric acid, the color of droplets changed promptly 
into light blue. When stained with Sudan IV, they turned red. According¬ 
ly it should be safe to conclude that the small droplets are fatty and the 
-occurrence of orange color is due to the presence of carotenoid pigment. 
The I 2 -KI test also showed that there was a large amount of starch within 
the resting spores. 

The resting spores inoculated in the fresh medium gradually changed 
color from orange to green and finally to dark green. After two weeks, 
they began to form zoospores under those conditions mentioned above. 
The formation of zoospores occurred within one hour after the beginning of 
the cyclic illumination. When a vesicle was released from the resting 
spore through a rupture formed in the spore wall (Fig. F), it started to 
expand at once and the already formed zoospores began to move about in 
it. The zoospores tightly crowded together and continued to wriggle about 
the middle position of the vesicle (Fig. H). They were mostly spherical or 
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nearly spherical in shape, measuring 10-12 n in diameter. However, their 
■shape and size were sometimes variable even within the same vesicle. 
They contained many fat-droplets of irregular size as those observed in 
the resting spores. The zoospores seemed to have one or two parietal 
chloroplasts. Because of the existence of many droplets, it was difficult 
to confirm the numbers of chloroplasts. The zoospores also possessed two 
flagella which were equal in length at the anterior end. The flagella were 
not so long as the length of the zoospore (Fig. G). 

The movement of zoospores usually continued for 10-15 min., but in 
some cases for 25 min. The zoospores did not move out from the central 
mass as the vesicle continued to expand, and so they never pushed the 
vesicle outwards (Figs. H-I). The vesicle was not lens-shaped but nearly 
spherical. These zoospores formed a mass-like initial colony when their 
movement had stopped. Each of the colonial cells then secreted cell-wall 
with granular surface, followed in most cases by the formation of a single 
•or rarely two horns (Fig. J). 

The number of zoospores produced in a resting spore was fairly variable 
•depending on the size of the mother cell, ranging from 4 to 64 or more, in 
most cases 32 or 64. Each of the cells composing the initial colony became 
mature in a few days and produced zoospores, the components of a second 
•colony. The second colonies were normal flat-shaped and consisted mostly 
•of 16 cells, but sometimes of 8 or 32 cells. All of the subsequently formed 
•daughter colonies were such flat forms as those of the second. These 
normal flat-shaped colonies usually again began to turn to the resting 
spores in the Petri dishes within about two months after the culture started. 

Discussion Examining a unialgal culture of Pediastrum boryanum, Davis 
(1962) found thin-walled resting cells and described their formation and 
germination. The resting spores presented in this paper are quite similar 
to those cells described by Davis in such respects as having many fat- 
droplets, plenty of starch and carotenoid pigment, but differ from them in 
having thick walls composed of double layer. Taking this difference into 
consideration, the present resting spores should not be identical with the 
resting cells. The present one is a kind of resting spore which may be called 
akinete. It is interesting to note that these spores have good resemblance 
to the akinetes of Tetraedron reported by Davis (1966) in some characters, 
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such as having fat-droplets, starch grains and carotenoid pigment. 

Although the process of the formation of irregular Coelastrum- like mass- 
has not yet been observed in this study, the following assumptions may be- 
drawn: 1) daughter cells changed directly into resting spores without 
becoming zoospores when placed in unsuitable conditions ; 2) although zoo¬ 
spores were produced in a vesicle, they failed in forming a flat colony and 1 
became mass-like resting spores. The resting spores in the Coelastrum-Wke- 
colonies reported here seem to be identical with the resting stage of 
Coelastrum which Strom (1921) observed in Wille’s collection. 

When found the akinetes of P. simplex in his algal material collected' 
from natural waters, Yamagishi (1960) noticed a punctate ornamentation 1 
on the surface of the cell-wall. However, such a ornamentation has never 
been observed in this study even with the aid of both light and scanning: 
electron microscope. 

There are some differences between the formation of the initial colony 
presented in this paper and that of the flat colony described by Davis- 
(1964). One is concerned with the shape of a vesicle containing zoospores.. 
Davis observed a lens-shaped vesicle in his culture of P. boryanum. How¬ 
ever, in the present culture with P. simplex the vesicles released from the: 
resting spores were not lens-shaped but were all spherical. The spherical 
vesicle continued to expand while the zoospores wriggled about in it, re¬ 
sulting in the mass of zoospores being not in contact with the vesicle.. 
Accordingly, these zoospores were not to be constrained to arrange as a. 
plate by the vesicle during this process. Another is concerned with the 
period of zoospore movement. The zoospores within the initial colony 
usually continued to wriggle for a longer period than that in the flat colony.. 

According to the results obtained in the cultural experiments, the dark 
green resting spores usually began to germinate within one hour after the. 
beginning of the cyclic illumination and, a few days later, many normal 
flat colonies were produced from the formed initial colony. This may 
suggest that the resting spores can produce a large number of colonies for 
a shorter period for widely distributing them in natural waters. 

As to the life cycle of P. simplex, Davis (1967) offered many precise 
informations but did not make mention of the resting spores as described 
in this paper. By the finding of the new process through resting spore 
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formation, the knowledges concerning the life cycle of Pediastrum should 
partly be modified. 

The author would like to express his sincere thanks to Dr. H. Kobayashi 
■of the Tokyo Kyoiku University for his encouragement and advices. 

References 

1) Davis, J.S. : Amer. J. Bot. 49 : 478-481 (1962). 2) —Bot. Gaz. 125: 

129-131 (1964). 3) -: Trans. Amer. Microsc. Soc. 85: 573-575 (1966). 

•4) -■: J. Phycol. 3:95-103 (1967). 5) Strom, K.M.: Nytt Mag. Natur- 

vidensk. 59: 11-14 (1921). 6) Yamagishi, T. : Bull. Chichibu Mus. Nat. 

-Hist. 10 : 41-52 (1960). 

* * * * 

# V 'y 3 M Pediastrum simplex Davis(1967) £ o 

R:iE«$*vrv'S5&s f <*p£>*t/t:v'&V' 8 H 

30 ^ rtoumsi&u, 

i®rV7V& ^ l tv'fc. i h 

H7c 0 m-TO&fe, -J 

Wc 0 t«L7ct ± Nfe©» 

2 (vesicle) r 
• 03i^-T« 10-15 r#ih UAfi#i|l)c0-?)ig¥^Sr M L7c 0 ^©/F* 

44:, Davis (1962) ^ij©ff (P. boryanum) "Utl^LTcJ; p 7n P' < 5u^; 

ii^T-©ilSt).S.77'^©EJ'J i CEggg UfBt7c 0 £ U 7c 

:2Siat©IMfrB, W(7)7j;R«^U7c^ y-> a '>-t©||fr^©4©T-S>o7c 0 

Explanation of Plates XII-XIII 

Plate XII. A. Resting spores forming an irregular Coelastrum- like mass 
x600. B. Solitary resting spore and colonial resting spores x600. C. Reticu- 
4ate construction on the wall of resting spore x 1500. D. Thick wall composed 
-of double layer x 1500. E. Scanning electron microscopical view x 1000. 

Plate XIII. F. Zoospores released from a resting spore through its 
:rupture. G. Biflagellate zoospores with many droplets. H. Zoospores wrig- 
.gling about in a vesicle. I. The expanded vesicle in 10 min. from Fig. H. 
J. Initial colony just formed in a vesicle. K. Initial colony freed from a 
-vesicle. All figures x600. 
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